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(54) Downhole fluid separation system

(57)  Afluid separation system is disclosed for instal-
lation within a wellbore (12) that penetrates a production
formation (14) and a discharge formation (16). The sys-
tem comprises afirst pump (28) and a second pump (32)
each operatively connected to a means for operation,
such as a downhole electric motor (22), and a fluid sep-
arator (34) for separating wellbore fluids from the pro-
duction formation into a first stream and a lighter second
stream. Wellbore fluids are introduced into the first
pump (28), and are then conveyed to an inlet ofthe fluid
separator (34). The second stream exiting the fluid sep-
arator is conveyed to an inlet of the second pump (32),
and from the second pump to the earth's surface. De-
vices are included, such as wellbore packers (80), to iso-
late the discharge formation(16) from the production for-
mation (14), so that the second stream exiting the fluid
separator directly enters the discharge formation.
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Description

The present invention relates to a system for the
downhole separation of fluids and, more particularly, to
such a system that separates oil from water within a
wellbore and that disposes of the separated water within
the wellbore.

In many oil fields around the world the percentage
of water recovered with oil from subterranean wellbores
has risen to be greater than the percentage of the oil. In
fact, in many fields, the percentage of oil has decreased
to be from about 20% in an excellent field to about 2%
in a relatively poor field. Therefore, the operator must
lift to the surface and then dispose of the resulting tre-
mendous volume of water. This situation wastes energy
because of the power needed to operate pumps to lift
and separate the water, and causes an environmental
problem. In many locations the separated water cannot
be disposed of on the surface, so the water must be
transported to a remote well site to be reinjected into a
subterranean formation. There is a need for a method
and related system for separating the oil from water
downhole so that the quantity of water recovered to the
earth's surface can be minimized, and hopefully, elimi-
nated.

One method of downhole oil and water separation
is disclosed in U.S. Patents 5,296,153 and 5,456,837,
wherein wellbore fluids are drawn through a hydrocy-
clone that separates the oil from water. An actual field
installation configuration of such a prior system is shown
in Figure 1 hereof. The separated water is then intro-
duced into a first pump to force the water into a subter-
ranean formation, that is isolated from the formation
from which the oil and water mixture is recovered from.
The separated oil is introduced into a second pump to
force the oil to the earth's surface for processing.

A significant disadvantage of the method disclosed
in U.S. Patent 5,296,153 is that the oil and water mixture
must be drawn through the hydrocyclone and then in-
troduced into a pump. Further, the separated water must
exit the separator and be conveyed to a remote location
within the wellbore. This arrangement results in a sig-
nificant loss of fluid head, so the loss in pumping effi-
ciency limits the ability of the system to be used in higher
volume wells and results in a waste of energy. There is
a need for a method and related system that efficiently
separates oil from water within a wellbore, and that ef-
ficiently disposes the separated water into subterranean
formations.

Additionally, the system disclosed in the '153 Patent
presents problems with diametric clearances in well-
bores. For example, in a 7 inch diameter casing, it is
current practice to install an electric submergible pump-
ing system of 5.62 inches in diameter. The resulting di-
ametric clearance is insufficient to have fluid transfer
tubes outside of the exterior profile ofthe pumping equip-
ment, as is needed when fluids are to be recovered from
a lower zone and injected into an upper zone, without
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using smaller than desired pumping equipment. If the
smaller sized equipment is used, the fluid transfer tubes
located outside of the pumping equipment are prone 1o
damage when installing or removing the pumping equip-
ment. Further, a problem with the prior hydrocyclone
configurations is that a series of complicated and rela-
tively expensive cast manifolds and formed tubing must
be used, which significantly add to the cost of the sys-
tem.

The present invention has been contemplated to
overcome the foregoing deficiencies and meet the
above described needs. Specifically, the present inven-
tion is a system for separating oil from water within a
subterranean wellbore and recovering separated oil to
a surface location. The fluid separation system compris-
es a first pump and a second pump each operatively
connectedto a means for operation, such as a downhole
electric motor, and afluid separator, such as one or more
hydrocyclones, for separating wellbore fluids from the
production formation into a first stream (predominately
water) and a second stream (predominately oil with a
relatively very small percentage of water). Wellbore flu-
ids are introduced into the first pump, and are then con-
veyed to an inlet of the fluid separator. The second
stream exiting the fluid separator is conveyed to an inlet
of the second pump, and from the second pump to the
earth's surface. Devices are included, such as wellbore
packers, to isolate the discharge formation from the pro-
duction formation, so that the second stream exiting the
fluid separator directly enters the discharge formation.

With the system of the present invention the sepa-
rated water exits the fluid separator and does not need
to be conveyed to a remote location within the wellbore.
This total system arrangement results in a significant re-
duction of loss of fluid head and increased pumping ef-
ficiencies over prior systems.

The following is a detailed description of embodi-
ments of the invention, reference being made to the ac-
companying drawings, in which:

Figure 1 is a vertical elevational view of a Prior Art
fluid separation system.

Figure 2 is a vertical elevational view of one pre-
ferred embodiment of a fluid separation system of the
present invention disposed within a wellbore.

Figure 3 is a vertical section elevational view of one
preferred embodiment of a production pump used in the
present invention.

Figure 4 is a view taken along line B-B of Figure 3.

Figure 5 is a view taken along line C-C of Figure 3.

Figure 6 is a vertical section elevational view of an
alternate preferred embodiment of a production pump
used in the present invention.

Figure 7 is a vertical section elevational view of one
preferred embodiment of a fluid separator used in the
present invention.

Figure 8 is a vertical section elevational view of one
preferred embodiment of a fluid separator used in the
present invention.
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Figure 9 is a vertical section elevational view of one
preferred embodiment of a packer, having an electrical
cable passing therethrough, used in the present inven-
tion.

Figure 10 is a vertical section elevational view of an
alternate preferred embodiment of a fluid separation
system of the present invention disposed within a well-
bore.

Figure 11 is a vertical section elevational view of an
alternate preferred embodiment of a fluid separator
used in the present invention.

Figure 12 is a vertical elevational view of an alter-
nate preferred embodiment of a fluid separation system
of the present invention disposed within a wellbore.

Figure 13 is a vertical section elevational view of an
alternate preferred embodiment of a fluid separator
used in the present invention.

Figure 14 is a vertical elevational view of an alter-
nate preferred embodiment of a fluid separation system
of the present invention.

Figure 15 is a vertical elevational view of an alter-
nate preferred embodiment of a fluid separation system
of the present invention.

As briefly described above, the present invention
comprises a fluid separation system to be installed with-
in a wellbore that penetrates a production formation and
a discharge formation. The production formation can
comprise one or more earthen formations that contain
fluids, such as oil, condensate, gas, and water. The dis-
charge formation can comprise one or more earthen for-
mations that an operator has chosen to use for the dis-
charge and elimination of fluids that are not to be
brought to the earth's surface. The fluid separation sys-
tem of the present invention can be used in wellbores
where the production formation(s) is closerto the earth's
surface than the discharge formation(s), and visa-versa.
Since, the fluid separation system of the present inven-
tion can be used in vertical, inclined and horizontal well-
bores, references herein to "above" and "below" are
merely for ease of understanding and should not be con-
sidered in any way limiting.

One preferred embodiment of the fluid separation
system comprises afirst pump and a second pump each
operatively connected to a means for operation, such
as a downhole electric motor, and a fluid separator for
separating wellbore fluids from the production formation
into a first stream and a lighter second stream. Wellbore
fluids are introduced into the first pump, and are then
conveyed 1o an inlet of the fluid separator. The second
stream exiting the fluid separator is conveyed to an inlet
of the second pump, and from the second pump to the
earth's surface. Devices are included, such as wellbore
packers, to isolate the discharge formation from the pro-
duction formation, so that the second stream exiting the
fluid separator directly enters the discharge formation.

Referring now to the drawings, Figure 2 shows one
preferred embodiment of a fluid separation system 10
of the present invention installed within a wellbore 12
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that penetrates one or more earthen production forma-
tions 14 and one or more earthen discharge formations
16. In the configuration shown in Figure 2 the discharge
formation 16 is above (ie. closer to the earth's surface)
the production formation 14. A wellbore casing 18 is set
within the wellbore 12 and includes a plurality of ports
or perforations 20 adjacent the formations 14 and 16 to
permit fluid transfer from/to the formations.

The system 10 includes a downhole electric motor
22 connected to an oil-filled motor protector 24, as is
well known to those skilled in the art. The motor 22 is
operated by electric power supplied from a power
source on the earth's surface through a cable 26. Adrive
shaft (not shown) of the motor 22 extends from the pro-
tector 24 and is operatively connected to a first pump
28, which will be referred to as the "injection pump". The
injection pump 28 can be a progressive cavity pump,
gear, or, most preferably, a multi-staged centrifugal
pump. Fluids, such as oil and water, from the production
formation 14 are directly drawn into an intake 30 of the
injection pump 28, or the fluids can first pass through a
stationary or rotating gas separator (not shown), as is
well known to those skilled in the art.

A drive shaft (not shown) extends from the injection
pump 28 and is operatively connected to a second pump
32, which will be referred to as the "production pump".
The production pump 32 can be a progressive cavity
pump, gear, or, most preferably, a multi-staged centrif-
ugal pump. The production pump 32 is shown directly
connected to the injection pump 28, but it should be un-
derstood that the injection pump 28 and the production
pump 32 can be spaced from each other yet still be con-
nected by way of a tubular member, or the two pumps
may not be connected at all, as all will be described in
more detail below. Additionally, the two pumps are
shown being operated by a single drive means, ie. the
motor 22; however, each pump may be connected to its
own separate means of operation, such as separate
downhole electric motors, surface drives, and the like,
again as all will be described in more detail below.

The purpose of the injection pump 28 is to convey
wellbore fluids to a fluid separator 34, that is connected
to the production pump 32. Within the fluid separator 34
the fluids are separated into a first stream, such as pri-
marily water, and a lighter/less dense second stream,
primarily oil. The separated second stream is to be re-
covered to the earth's surface, and in most cases there
is insufficient energy to lift the second stream fluids to
the earth's surface without some form of lifting mecha-
nism. The production pump 32 provides this lift to con-
vey the second stream fluids to the earth's surface
through a production jointed or coiled tubing 36.

Figures 3, 4 and 5 illustrate one preferred embodi-
ment of the production pump 32. An outer tubular hous-
ing 38 of the production pump 32 includes a lower open-
ing 40 for entry of the wellbore fluids being conveyed
from the injection pump 28 to the fluid separator 34.
Through the lower opening 40 extends a drive shaft 42
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of the production pump 32 which is connected to the
drive shaft of the injection pump 28 or to its own down-
hole electric motor or other means of operation. Dis-
posed within the housing 38 is the gear, progressive
cavity or centrifugal pump unit itself, with the fluid intake
of this pump being in communication with a sealed lower
chamber 44 formed inside the housing 38, and with the
fluid outlet of this pump being in communication with a
sealed upper chamber 46 formed inside the housing 38.
A conduit 48 extends through the housing 38 and into
the sealed lower chamber 44. The second stream fluids,
primarily oil, are conveyed from the fluid separator 34
through the conduit 48 to the production pump's intake.
The second stream fluids are then discharged from the
production pump into the upper chamber 46, past the
fluid separator 34 to the production tubing 36. While it
is preferred that the conduit 48 be contained within the
housing 38, it should be understood that one or more
conduits can be located exterior of the housing 38, or
even within the production pump itself. Such exterior
tubes can of the type disclosed within copending U.S.
Patent Application 08/532,465, filed September 22,
1995, which is commonly assigned hereto, and which is
hereby incorporated by reference.

An alternate embodiment of the production pump
32 is shown in Figure 6 wherein the outer tubular hous-
ing 38 of the production pump 32 includes the lower
opening 40 for entry of the wellbore fluids being con-
veyed from the injection pump 28 to the fluid separator
34. Through the lower opening 40 extends the drive
shaft 42 of the production pump 32 which, as described
above, is connected to the drive shaft of the injection
pump 28 or to its own downhole electric motor or other
means of operation. Disposed within the housing 38 is
the progressive cavity or centrifugal pump unit itself dis-
posed within another housing 50. The fluid intake of this
pump is in communication with a non-sealed lower
chamber 52 formed within the second housing 50, and
with the fluid outlet ofthis pump being in communication
with a sealed upper chamber 54 formed in the second
housing 50. A conduit 56 extends through the housing
38 and into communication with the interior ofthe second
housing 50, as well as this pump's intake. The second
stream fluids, primarily oil, are conveyed from the fluid
separator 34 through the conduit 56 to the production
pump's intake. The second stream fluids are then dis-
charged from the production pump into the upper cham-
ber 54, through a conduit 58 and to the production tubing
36.

One of the benefits of the configuration of the pro-
duction pumps 32 shown in Figures 3 and 6 is that a
lower shaft seal 60 can be made from relatively inex-
pensive material since it is not exposed to as high of
pressure as the shaft seals currently used in the prior
system shown in Figure 1.

The wellbore fluids exiting the injection pump 28 are
conveyed to the fluid separator 34 wherein the fluids are
separated into a first stream and a second less dense
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stream. The means for accomplishing this fluid density
separation can be one or more filters, membranes, elec-
trostatic devices, rotary vane separators, static or mov-
ing centrifugal separators, or any combination ofthese
devices. For reasons of low cost and ruggedness, the
fluid streams are most preferably separated by one or
more hydrocyclones.

Figure 7 illustrates one preferred embodiment of the
fluid separator 34, wherein a generally tubular housing
62 has a lower opening 64 through which flows the well-
bore fluids exiting the injection pump 28. Disposed with-
in the housing 62 are one or more hydrocyclones 66 in
a generally tandem or longitudinally aligned relation-
ship. The orientation ofthe hydrocyclones 66 is not con-
sidered important for functionality reasons, but the ori-
entation is important for fitting the appropriate sized
hydrocyclones and associated plumbing within the
space confines of the housing 62. The hydrocyclones
66 can be longitudinally aligned, helically arranged, ra-
dially arranged, nose-to-tail, or any other suitable ar-
rangement or combination as is desired.

The wellbore fluids pass from the injection pump 28,
through the lower opening 64 and into the interior of the
housing 62, and enter a tangential inlet opening 68 in
each hydrocyclone 66. The fluids spin upon entering the
interior of the hydrocyclone, and thereby are separated
into the first stream and the second less dense stream.
The second stream, being primarily oil, exits each
hydrocyclone 66 through a central opening (not shown)
and enters a conduit 70 that conveys the collected sec-
ond stream to the production pump 32. The second
stream that exits the production pump 32 is conveyed
to the tubing 36 through a conduit 72. The conduits 70
and 72 can be located within the interior ofthe housing
62, as shown in Figure 7, or conduit 70 and/or 72 can
be located outside of the housing 62, as is desired.

An important feature of this preferred embodiment
of the present invention is that the separated first
stream, being primarily water, does not need tobe trans-
ported through a separate conduit to a remote location,
but directly exits the fluid separator 34 and is thereby
introduced into the wellbore adjacent the discharge for-
mation 16. The second stream exits each hydrocyclone
66 through a tail cone opening (not shown) and enters
a conduit 74 that extends to openings 76 in side wall of
the housing 62. The openings 76 can be radially, linear-
ly, helically or randomly arranged about the housing 62,
as is desired. Further, the conduits 74 can include check
valves to prevent fluids within the wellbore or fluids from
the discharge formation 16 from entering the hydrocy-
clones 66.

Figure 8 illustrates an alternate embodiment ofthe
fluid separator 34 wherein one or more hydrocyclones
66 are included within a separate housing 78, which in
turn are modular in design so that any number of hous-
ings 78 can be stacked or connected together to provide
the fluid separation volume desired.

Wellbore isolation or sealing devices are used to
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prevent the second stream that exits the fluid separator
34 from reentering the injection pump 28. These well-
bore isolation or sealing devices are commonly referred
to as wellbore packers 80 (as shown in Figure 2), and
are located in at least one location between the produc-
tion formation 14 and the discharge formation 16. Usu-
ally, two sets of packers 80 will be used to isolate the
discharge formation 16. The packers 80 can be as suit-
able commercially available retrievable or permanent
packers with inflatable or compressible elastomeric
sealing elements, as is well known to those skilled in the
art. The packers 80 can be included on the exterior ofthe
fluid separator 34, the production pump 32, the injection
pump 28, the motor protector 24, the motor 22, or pref-
erable on separate housings that are interconnected in-
to the system 10, such as between the fluid separator
34 and/orthe production pump 32, or on the tubing string
36.

One preferred embodiment of a wellbore packer 80
for use in the system 10 is shown in Figure 9 wherein a
generally tubular housing or mandrel 82 has one or
more elastomeric sealing elements 84 annularly dis-
posed on an exterior surface thereof. The mechanisms
for setting the packer elements 84 are not shown, but
are well known to those skilled in the art. The housing
82 includes four separate passageways or conduits that
pass therethrough. A central passage 86 extends
through the housing 82 and is used to convey wellbore
fluids from the injection pump 28 to the fluid separator
34. A conduit 88 extends through the housing 82 and is
used to convey the separated second stream from the
fluid separator 34 to the production pump 32. Another
conduit 90 extends through the housing 82 and is used
to convey the second stream from the production pump
32 tothe tubing 36. A fourth passage 92 curves through
a side wall of the housing 82 to and from either side of
the packer elements 84. The electrical cable 26 for the
motor 22 extends through this passage 92 so that more
complex sealing mechanisms are not needed to seal
around the cable 26 if such cable 26 extended along the
exterior of the items of equipment within the wellbore
zone isolated by the packers 80.

Figure 10 illustrates an alternate preferred embod-
iment of the fluid recovery system 10 wherein the sys-
tem 10 is turned upside down as compared to the ori-
entation of Figure 2. In Figure 10 the production forma-
tion is above (ie. closer to the earth's surface) the dis-
charge formation 16, so that the separated second
stream exits the production pump 32 into a oil recovery
conduit 94. The conduit 94 can pass interiorly of the in-
jection pump 28 or preferably on the outside thereof and
is then strapped to the outside of a jointed or coiled tub-
ing string 96 that extends to the earth's surface or it can
be landed into the interior ofthe tubing 96 so that the
second stream is transferred to the earth's surface
through the tubing 96. The separated first stream, being
primarily water, is discharged from openings 76 in the
fluid separator 34 and then into the isolated discharge
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formation 16. If the discharge formation 16 has insuffi-
cient capacity to receive the injected first stream, then
a discharge tubing 98 can be extended from the fluid
separator 34 to convey all or a portion of the separated
first stream to a remote discharge formation. The sys-
tem of Figure 10 can be modified to have only a single
packer 80 on the tubing string 36 with all of the system
above the packer 80 for a discharge of waste water
downwardly into a lower discharge formation 16 through
the discharge tubing 98. Alternatively, the system of Fig-
ure 10 can be turned upside down with a single packer
80 on the tubing string 36 with all of the system above
the packer 80 for a discharge of the second stream up-
wardly through an interior or exterior conduit.

Figure 11 illustrates an alternate preferred embod-
iment of the modular fluid separator 34 for use with one
ofthe above described systems. In this embodiment the
hydrocyclones 66 are contained within an inner housing
100 that has a series of openings 102 in the side wall
thereof for discharge of the first stream, as well as open-
ing for the collection and conveying of the second
stream being formed into molded or forged manifolds
104. Each manifold 104 has annular sealing means (not
shown) on an exterior surface thereof so that each
hydrocyclone 66 will be separated as a modular unit. In
this embodiment, the waste water or first stream is
shown being conveyed upwardly for discharge (such as
shown in Figures 14 and 15), and the second stream is
shown being conveyed downwardly to a lower produc-
tion pump. However, it should be understood that the
first stream can be discharged into a discharge forma-
tion directly from the housing of the separator 34 or ap-
propriate tubing can be included for the first stream to
be conveyed to a lower discharge location.

Figure 12 illustrates an alternate preferred embod-
iment of the fluid separation system 10 of the present
invention. In this embodiment the wellbore fluids enter
the injection pump 28 and are conveyed to the fluid sep-
arator 34, that is spaced therefrom by a tubular member
106. The second stream that exits the fluid separator 34
passes to the production pump 32, that is spaced there-
from by a tubular member 108. The packers 80 are lo-
cated on the tubular members 106 and 108, with the
electric cable 26 passing interiorly thereof. The produc-
tion pump 32 can be driven by the motor 22 by a shaft
that extends from the injection pump 28, through the tu-
bularmember 106, the fluid separator 34 and the tubular
member 108. Preferably, the production pump 32 in this
embodiment is driven by a second separate means of
operation, such as an electric motor (not shown) located
above or below the production pump 32, or by a surface
drive means, such as a rotating shaft or a sucker rod
string if the production pump 32 is a traveling valve
pump.

With the embodiment shown in Figure 12 the fluid
separator 34 can be of the type shown in Figure 13
wherein the separated second stream is to be passed
directly upwardly to the spaced production pump 32, so
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the conduit 70 passes upwardly rather than downwardly
and there is no need for the conduit 72 to bring the sec-
ond stream back through the fluid separator 34 to the
tubing 36.

Figure 14 illustrates an allternate embodiment of
the fluid separatation system 10 of the present invention
similar to the embodiment shown in Figure 12. This em-
bodiment is useful where the fluid separator 34 cannot
be located directly adjacent to the discharge formation.
In this embodiment the separated second stream exits
the fluid separator 34 and passes into the oil recovery
conduit 94. The conduit 94 inturn passes either interiorly
or exteriorally of the packers 80, and then into the inte-
rior of the tubular member 108 for passage to the spaced
production pump 32. Additionally, the separated first
stream exits the fluid separator 34 through the tubular
member 108, which has openings 110 therein below an
interior seal 112 to permit the second stream to enter
the isolated wellbore adjacent a discharge formation.

Figure 15 illustrates another alternative preferred
embodiment of the fluid separation system 10 of the
present invention. This embodiment is similar to the em-
bodiments of Figures 12 and 14; however, the separated
first stream that exits the fluid separator 34 is conveyed
through the tubular member 108 to a hydraulic motor
114, which is a turbine, bladed, centrifugal, gear or pro-
gressive cavity motor that is rotated by the flow of the
first stream therethrough, as is well known to those
skilled in the art. If the hydraulic motor 114 is disposed
adjacenttothe discharge formation, then the first stream
after it exits the hydraulic motor 114 can be directly in-
troduced into the isolated section of the wellbore and
into the discharge formation. A drive shaft (not shown)
extends from the hydraulic motor 114 and passes
through a tubular member 116, and in turn is operatively
connected to the production pump 32. The separated
second stream is conveyed via the conduit 94 to the pro-
duction pump 32 and then through the tubing 36 to the
earth's surface.

As can be appreciated by those skilled in the art,
with the system of the present invention the separated
water exits the fluid separator and does not necessarily
needto be conveyedto aremote location within the well-
bore. This total system arrangement results in a signif-
icant reduction of loss of fluid head and increased pump-
ing efficiencies over prior systems.

Wherein the present invention has been described
in particular relation to the drawings attached hereto, it
should be understood that other and further modifica-
tions, apart from those shown or suggested herein, may
be made within the scope and spirit of the present in-
vention.

Claims

1. A fluid separation system for installation within a
wellbore that penetrates a production formation and
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10.

a discharge formation, characterised by:

- afirst pump and a second pump each opera-
tively connected to a means for operation;

- afluid separator for separating wellbore fluids
from the production formation into a first stream
and a lighter second stream;

- means for conveying wellbore fluids exiting the
first pump to an inlet of the fluid separator,;

- means for conveying the second stream exiting
the fluid separator to an inlet of the second
pump;

- means for conveying the second stream exiting
the second pump to the earth's surface; and

- means for isolating the discharge formation so
that the first stream exiting the fluid separator
directly enters the discharge formation.

A fluid separation system of Claim 1 wherein the
means for operation connected to the first pump
comprises a downhole electric motor.

A fluid separation system of Claim 1 or Claim 2
wherein the means for operation connected to the
second pump comprises a downhole electric motor.

A fluid separation system of Claim 2 and Claim 3
wherein the downhole electric motor is operatively
connected to the first pump and to the second

pump.

A fluid separation system of any of the preceding
claims wherein the first pump is directly connected
to the second pump.

A fluid separation system of any of the preceding
claims wherein the second pump is spaced fromthe
first pump by means of a tubular member.

A fluid separation system of Claim 2 wherein the
fluid separator is connected to the second pump,
which is connected to the electric motor, which in
turn is connected to the first pump.

A fluid separation system of any of Claims 2 to 7
wherein the fluid separator is connected to the sec-
ond pump, which is connected to the first pump,
which in turn is connected to the electric motor.

A fluid separation system of any of Claims 2 to 7
wherein the second pump is connected to the fluid
separator, which is connected to the first pump,
which in turn is connected to the electric motor.

A fluid separation system of any of the preceding
claims wherein the second pump is contained within
a housing with wellbore fluids entering the housing
and flowing past the second pump, and including
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therewithin the means to convey the second stream
exiting the fluid separator to the inlet of the second

pump.

A fluid separation system of Claim 10 wherein the
means to convey the second stream exiting the fluid
separator to the inlet of the second pump comprises
a conduit.

A fluid separation system of any of the preceding
claims wherein the fluid separator comprises one or
more hydrocyclones.

A fluid separation system of Claim 12 wherein the
fluid separator comprises a generally tubular hous-
ing containing a plurality of hydrocyclones in gen-
erally longitudinal relationship.

A fluid separation system of Claim 12 wherein the
fluid separator comprises a generally tubular hous-
ing with the one or more hydrocyclones contained
therein, the housing having a generally open first
end for admitting wellbore fluids into an interior of
the housing; and further comprising an inlet of each
hydrocyclone being in communication with the inte-
rior of the housing, piping connected to a second
stream outlet of each hydrocyclone to collect the
second stream exiting each hydrocyclone and to
convey the second stream to an inlet of the second
pump, and piping connected to a first stream outlet
of each hydrocyclone to collect the first stream ex-
iting each hydrocyclone and to convey the first
stream to one or more fluid exit openings in the
housing.

A fluid separation system of any of the preceding
claims wherein both the first pump and the second
pump comprise multi-staged centrifugal pumps.

A fluid separation system of any of Claims 1 to 14
wherein the first pump is a multi-staged centrifugal

pump.

A fluid separation system of Claim 16 wherein the
second pump comprises a positive displacement

pump.

A fluid separation system of Claim 16 wherein the
second pump comprises a traveling valve pump.

A method of separating fluids within a wellbore and
recovering a separated stream, comprising:

(a) providing a first pump, a second pump and
a fluid separator within a wellbore that travers-
es a production formation and a discharge for-
mation;

(b) within the wellbore isolating the discharge
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20.

21.

22,

23.
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formation from the production formation;

(c) conveying fluids from the production forma-
tion into the first pump;

(d) conveying fluids exiting the first pump into
the fluid separator;

(e) separating fluids within the fluid separator
into a first stream and a lighter second stream;
(f) discharging the first stream exiting the fluid
separator directly into the discharge formation;
(g) conveying the second stream exiting the flu-
id separator into the second pump; and

(h) conveying the second stream exiting the
second pump to the earth's surface.

The method of Claim 19 wherein the fluid separator
is landed within the wellbore adjacent the discharge
formation.

The method of Claim 19 or Claim 20 wherein the
discharge formation is closer to the earth's surface
than the production formation.

The method of Claim 19 wherein the fluids are sep-
arated into streams by at least one hydrocyclone.

The method of Claim 19 wherein the first pump and
the second pump are driven by a single downhole
electric motor within the wellbore.

The method of Claim 19 wherein the first pump is
driven by a downhole electric motor, and the second
pump is driven from the earth's surface.

A fluid separation system for installation within a
wellbore that penetrates a production formation and
an isolated discharge formation, characterised by:

- afirst pump operatively connected to a down-
hole means for operation;

- afluid separator for separating wellbore fluids
from the production formation into a first stream
and a lighter second stream;

- means for conveying wellbore fluids exiting the
first pump to an inlet of the fluid separator,;

- means for conveying the second stream exiting
the fluid separator to an inlet ofa second pump,
the second pump spaced from the first pump
and the fluid separator and operated by a
means of operation;

- means for conveying the second stream exiting
the second pump to the earth's surface; and

- means for conveying the first stream exiting the
fluid separator into the wellbore adjacent the
discharge formation.

A fluid separation system of Claim 25 wherein the
means for operation connected to the first pump
comprises a downhole electric motor.
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A fluid separation system of Claim 25 or Claim 26
wherein the means for operation connected to the
second pump comprises a downhole electric motor.

A fluid separation system of any of Claims 25 to 27
wherein the first pump and the second pump each
comprises a multi-staged centrifugal pump.

A fluid separation system of any of Claims 25 to 27
wherein the second pump comprises a traveling
valve pump.

A fluid separation system of any of Claims 25 to 27
wherein the second pump comprises a positive dis-
placement pump.

A fluid separation system of any of Claims 25 to 30
wherein the second pump is connected to the fluid
separator by means of a tubular member, the tubu-
lar member having ports therein to permit the sec-
ond stream to be discharged into the wellbore.

A fluid separation system of Claim 31 wherein the
tubular member has a conduit extending there-
through for conveying the second stream from the
fluid separator to the second pump.

A fluid separation system for installation within a
wellbore that penetrates a production formation and
an isolated discharge formation, characterised by:

- afirst pump operatively connected to a down-
hole means for operation;

- a fluid separator for separating wellbore fluids
from the production formation into a first stream
and a lighter second stream;

- means for conveying wellbore fluids exiting the
first pump to an inlet of the fluid separator;

- means for conveying the second stream exiting
the fluid separator to an inlet of a second pump,
the second pump spaced from the first pump
and the fluid separator and operated by a motor
means driven by the flow the first stream exiting
the fluid separator ;

- means for conveying the second stream exiting
the second pump to the earth's surface; and

- means for conveying the first stream exiting the
motor means into the wellbore adjacent the dis-
charge formation.

A fluid separation system of Claim 33 wherein the
motor means comprises a progressive cavity motor.

A fluid separation system of Claim 33 wherein the
motor means comprises a turbine motor.
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